Abstract-This paper discusses the potential deployment of 25% [9]. This is much wider than any existing comIn the recent years, short-range wireless applications and munications system. On the other hand, narrowband signals ad-hoc networking have become increasingly important in line are defined as signals with fractional bandwidth less than 1%, with the vision to achieve ubiquitous communications. UWB while wideband signals are between 1 -25% [10]. Since the radio is foreseen as one of the most promising technologies for 1990's, interest in commercial applications has increased due such applications. Due to the convergence of wireless connecto several advantages UWB communications systems offer, tivity, the next generation of the wireless world will most likely such as:
. as overlay systems, issues of coexistence and interference with vi) Low power spectra density -UWB systems have low existing narrowband systems are presented.
power spectral density that allows them to coexist with I. INTRODUCTION other services such as cellular systems, wireless local area Ultra-wideband (UWB) radio is an emerging technology networks (WLAN), global positioning systems (GPS), etc. that has attracted a great deal of interest from academia, [24] , [25] .
industry, and global standardization bodies [1] [2] [3] [4] [5] [6] [7] [8] . be an integration of heterogeneous networks including wireless i) High data rate transmission -Current UWB systems can regional area networks, wireless wide area networks, wireless support more than 500 Mbps data transmission within 10 metropolitan are networks, WLAN, and wireless personal area m, which enables various new services and applications networks (WPAN). Ultimately, these wireless technologies [3] [4] [5] [6] [7] . may intersect with each other as shown in Fig. 1 Generally, worldwide UWB regulatory efforts can be cat-reference documents for automotive UWB radar applications egorized as international, regional or national. At the global [37] . Lastly, CEPT SE24 is responsible for regulatory issues level, the International Telecommunications Union Radio Sec-and spectrum management e.g., studying spectrum sharing for tor (ITU-R) plays the major role in providing recommenda-< 6 GHz [38] . The Asia-Pacific Telecommunity is responsible for facilitatWorking Groups (WGs): (i) WG1 -UWB characteristics, ing regional coordination with regard to the UWB regulations.
(ii) WG2 -UWB compatibility with other radio services, Currently, UWB regulatory efforts are underway in China, (iii) WG3 -UWB spectrum management framework, and (iv) Japan, Korea and Singapore. On 27 March 2006, Japan's WG4 -UWB measurement techniques [32] .
Ministry of Internal Affairs and Communications (MIC) issued a preliminary approval for UWB emissions policy in Japan A. UWB Regulation in the USA [39] . The UWB unlicensed spectrum allocation consists of In February 2002, a US Federal Communications Com-two bands i.e., a lower band between 3.4 -4.8 GHz and an mission (FCC) issued the First Report and Order (R&O), upper band between 7.25-10.25 GHz for indoor devices only. which permitted unlicensed UWB operation and commercial For the lower band, implementation interference mitigation deployment of UWB devices. There are three classes of techniques such as detect and avoid (DAA) mechanisms are devices defined in the R&O document: (i) imaging systems required. This is to protect current and future services from (e.g., ground penetrating radar systems, wall imaging sys-potential interference as well as ensure coexistence with tems, through-wall imaging systems, surveillance systems, incumbent systems and new services like WiMAX, 4G and and medical systems), (ii) vehicular radar systems, and (iii) digital broadcast. However, between 4.2-4.8 GHz of the lower communications and measurement systems. The FCC allo-band, interference mitigation techniques can be waived until cated a block of unlicensed radio spectrum from 3.1 -10.6 the end of December 2008. The emission limits for both bands GHz for the above applications where each category was are -41.3 dBmIMHz i.e., the same as those approved by the allocated a specific spectral mask as described in [33] . Note US FCC. According to Japan's MIC rules, a UWB signal must that the FCC only specified a spectral mask, and the bandwidth have a minimum absolute bandwidth of 450 MHz (instead limitations of a UWB device, but not the type of signal of 500 MHz) or a fractional bandwidth greater than 20%. and modulation scheme. According to FCC rules, a signal Additionally, systems using frequency hopping or chirping the former will be able to deliver communications and high Fig. 2 and Fig. 3 show the proposed UWB emission limits precision ranging. The group is aiming to finalize the standard for indoor and outdoor communications systems, respectively, by first quarter of 2007. in the US, Europe, Japan, and Korea. Location awareness is one of the fundamental problems iii) Timing acquisition and synchronization -Timing acqui-in tomorrow's wireless networks. With the advent of GPS, sition and synchronization is a critical challenge in UWB localization has found application in many different fields. systems due to the very short-pulse duration and low In areas where there is a clear LOS to GPS satellites, this transmit power. These imply that timing requirements at technique provides a good estimate of the user's location both the transmitter (TX) and RX are very high, neces-on the earth. However, in indoor and dense urban environsitating a long search time in order to obtain a reliable ments the GPS signal is typically unavailable, and localization timing. This area has received a great deal of attention becomes a more challenging problem. UWB technology is from the UWB community with the most current research capable of providing highly accurate ranging in the harshest focusing on efficient search strategies and reducing the environments, owing to its inherent high delay resolution and searching space or time [43]- [48] . ability to penetrate obstacles. Therefore, it is the technology iv) Coding and modulation -Coding and modulation is one of choice for range-based localization, especially in dense way to improve UWB systems capacity. In choosing an cluttered environments, and can be used to infer the posiappropriate coding and modulation scheme, a number tion of a moving agent. It has been identified that location of aspects have to be considered, such as the trade-off awareness applications will be important for future MTs, and between implementation complexity and system perfor-accurate ranging and localization capabilities can provide new usage models. Furthermore, UWB technology possesses both and localization techniques will be given. arrays, and the results are highly sensitive to multipath, When using UWB radio technology, two MTs inside the NLOS conditions, and array precision.
network can determine their distance within centimeters. The TOA localization and the TDOA localization are the two Thus, ad-hoc networking using UWB technology can well-known techniques frequently used to perform positioning. overcome the main limitations associated with traditional The former requires a common time reference available to multi-hop solutions, such as power constraints, multipath agent and all anchors; while the latter requires an accurate propagation, and location of the MT, and can provide common time reference between the anchors, but does not invaluable add-on features for future MT usage models. rely on precise synchronization between anchors and the agent. v) Smart highways -Positioning devices could be used to However, ranging and localization accuracy could be limited assist autopilots in automobiles. Vehicles (e.g., cars, mo-by the presence of multipath, NLOS conditions and extra torcycles) could be guided along a highway by integrated propagation delay due to the presence of obstacles (e.g., walls Generally, there are two phases towards realization of highly A ai rbe accurate location awareness applications. Firstly, through accuai rbe rate ranging i.e., an action of estimating the distance between
The strength of UWB systems lies in the use of extremely two nodes, and secondly, through localization (a.k.a. position-large transmission bandwidths. Since UWB signals occupy ing) i.e., an action of determining the exact location of an such a large bandwidth, they operate as an overlay system with unknown node from known nodes (anchors) by means of the other existing narrowband (NB) radio systems as shown in . Furthermore, many results have been obtained starting from some unrealistic asinterference a key issue for investigation, in order to ascertain sumptions, leading to pessimistic conclusions about the impact whether their coexistence is possible. Therefore, to ensure the of UWB on cellular systems. Main misleading assumptions successful deployment of UWB systems, it is important to deal with the selection of the free-space channel model for assess the potential coexistence of UWB systems with existing both indoor and outdoor propagation and with the procedure and next generation wireless systems. Coexistence requires used to evaluate UWB interference on the cellular receiver that both NB and UWB systems do not interfere with one [67], [68] . In addition, some work reported in the literature another. UWB devices must then be designed to account for assesses UWB interference by assuming that every UWB two fundamental aspects:
terminal continuously emits at its maximum power, which is * UWB devices must not cause harmful interference to not the case for a practical UWB system. licensed next generation wireless services and existing So far, no investigation has been carried out to study the NB systems (e.g., GPS, GSM/GPRS, UMTS, Bluetooth, interference of current 3G and future 4G on UWB systems IEEE 802.11 WLAN, etc.) and vice-versa. The dual-model MT, which incorporates both * UWB devices must be robust and able to operate in the cellular (i.e., 3G) and WLAN (i.e., WiFi) technologies, has presence of interference caused by both NB systems and been released by NTT DoCoMo Japan in November 2004 [69] . other UWB-based nodes.
Since the WLAN spectrum overlays with UWB spectrum, a
There are many parameters that can influence the way a thorough understanding of the coexistence of cellular/WLAN UWB system would interfere with a NB system, or vice versa, and UWB systems is important to ensure robust communicasuch as the number and distribution of the interferers, the tions. relative power of the interferers, the UWB modulation, the Although the individual UWB device must satisfy emispulse repetition frequency, the center frequency of the NB sion limits imposed by regulatory agencies, the cumulative system, and the type and structure of the NB and/or UWB interference from multiple UWB emitters is not regulated. receiver being used. Thus, it is interesting to study the impact The impact of such aggregate interference on victim NB of NB interferers on UWB receivers and vice-versa, taking systems, as well as on other UWB systems, can be significant. different receivers into account, such as coherent, differential-Although this is a very important issue, the effect of aggregate coherent and non-coherent systems.
interference on both NB and UWB systems has not been investigated thoroughly. Limited results and the lack of an B. Technical Approaches and Challenges in-depth analysis on the UWB/NB coexistence may lead to In order to realize UWB technology on MT for future wire-RF pollution in the licensed band and/or cause delay in the less services, the first step is to ensure the coexistence of UWB widespread deployment of UWB-enhanced MTs. systems with existing and future wireless network technologies Various coexistence strategies can be deployed. 
